To identify radiologists' characteristics associated with interpretive performance in screening mammography.
M
ammography is the only breast cancer screening test shown in clinical trials to be associated with reduced breast cancer mortality (1, 2) . However, it is not a perfect test. As in other areas of medicine, variability among radiologists in the interpretive accuracy of mammograms is extensive (3) (4) (5) (6) (7) (8) (9) . For example, the percentage of images from U.S. mammographic examinations interpreted as abnormal ranges from 0.6% for one radiologist to 28.7% for another (10) , and the sensitivity (the percentage of cancers with abnormal findings from a screening examination) ranges from 31.6% to 96.2% (11) . Ideally, screening performance should have a high sensitivity, increasing the likelihood that cancers are detected, and a low falsepositive rate, reducing the monetary costs and adverse events associated with additional work-up among women without disease (12, 13) .
Studies of the effect of radiologists' training and clinical experience on interpretive performance have generated conflicting results, even when overlapping populations of radiologists were studied (6, 14) . Uncertainty about the effect of radiologists' characteristics is caused, in part, by the often limited number of radiologists and mammographic examinations in published studies and the varying measures used to define such characteristics as clinical experience. Radiologists' characteristics that have been studied in the United States and international cohorts include number of years of interpreting mammograms, receipt of specialized fellowship training in breast imaging, academic affiliation, and various measures of mammographic interpretive volume (6, 14) .
The purpose of our study was to identify radiologists' characteristics associated with interpretive performance in screening mammography.
Materials and Methods
The authors had full responsibility in the design of the study, the collection of the data, the analysis and interpretation of the data, the decision to submit the manuscript for publication, and the writing of the manuscript.
Overview and Institutional Review Board Approval
All radiologists who interpreted screening mammograms in [2005] [2006] at the seven Breast Cancer Surveillance Consortium (BCSC) sites were invited to complete a self-administered mailed survey. These sites represent distinct patient populations and geographic regions in seven U.S. states (California, Colorado, North Carolina, New Mexico, New Hampshire, Vermont, Washington) (15, 16) . A previous, shorter survey was distributed to radiologists (n ϭ 139) in just three BCSC sites 5 years earlier (6, 17) . The BCSC maintains large regional databases on mammographic examinations and patients' characteristics, and these databases are linked to Surveillance Epidemiology and End Results tumor registries, pathology databases, or both to ensure data completeness for breast cancer occurrence (16) . Details of data collection by the BCSC have been reported previously (5, (18) (19) (20) (21) (22) . We linked survey results from participating radiologists to BCSC data on the screening mammograms that they interpreted.
The study was approved by the institutional review boards of the University of Washington (Seattle, Wash) and the institutions at all seven BCSC sites. All procedures were Health Insurance Portability and Accountability Act compliant, and all sites and the Statistical Coordinating Center (Seattle, Wash) received a Federal Certificate of Confidentiality and other protection for the identities of women and physicians who are subjects of this research and the facilities involved.
Radiologist Survey
The survey was developed by a diverse research group that included experts in breast imaging, clinical medicine, 
Advances in Knowledge
Ⅲ In adjusted regression models, radiologists who were women or who had fellowship training had higher false-positive rates. Ⅲ Wide variability in sensitivity was noted, even among radiologists with similar false-positive rates. Ⅲ The only characteristic significantly associated with improved sensitivity and the overall accuracy parameter was fellowship training in breast imaging. Ⅲ The false-positive rates noted among the fellowship-trained radiologists were higher than the desirable goals recommended for performance of U.S. radiologists.
Implications for Patient Care
Ⅲ The highest sensitivity and overall accuracy parameter for screening mammography were noted when radiologists with fellowship training in breast imaging interpreted the images from mammographic examinations. Ⅲ Patients should be advised that these fellowship-trained radiologists also have higher false-positive rates. Ⅲ Although fellowship-trained radiologists may detect more cancers than non-fellowship-trained radiologists, they also may call back an additional 83 women for falsepositive results for every additional breast cancer detected.
health services research, biostatistics, epidemiology, behavioral sciences, and educational psychology. The survey was pilot tested among community radiologists working in breast imaging who were not associated with the BCSC. The survey was 10 pages long and required 10 -15 minutes to complete. A copy of the survey is available on the BCSC Web site (23).
Of 364 eligible radiologists contacted, 257 (71%) responded to the survey and gave consent for linkage to performance measures collected by the BCSC. Of those who responded to the survey, we excluded 26 who did not have complete BCSC data on the interpretation of the screening mammograms and the patient outcomes associated with them during the study period and 26 in whom information was missing on patient breast density, as the density information was not forwarded to the BCSC registry from the facilities where they worked. Thus, our final population of radiologists was 205 (56%) of 364 who were eligible for inclusion.
Survey data included demographics (age, sex), practice type (full vs part time, primary or adjunct affiliation with an academic medical center), general clinical experience (years since graduation from residency), and breast imaging experience (fellowship training in breast imaging, years of mammographic interpretation, percentage of time spent in breast imaging and number of hours working in breast imaging per week, and self-reporting of annual interpretive volume for images from screening and diagnostic examinations).
Surveys were mailed to radiologists at different times (depending on the site) between January 1, 2006, and September 30, 2007, depending on each site's funding mechanism and institutional review board status. Survey mailing and collection were handled by individual BCSC sites to maintain radiologists' confidentiality. Study managers and principal investigators at each site attempted to contact radiologists by mail and/or telephone at least three times to maximize local study participation. Radiologists were informed that their survey responses would be linked to their actual BCSC interpretive performance data by an encrypted linkage variable and that their data would remain anonymous.
Incentives to complete the survey varied among the seven sites and included bookstore gift cards worth $25-$50 for radiologists (seven sites) and Breast Imaging Reporting and Data System (BI-RADS) manuals (12) for participating facilities (four sites).
Once each BCSC site obtained completed surveys with informed consent, the data were double entered and discrepancies were corrected. Encrypted data were sent to the BCSC Statistical Coordinating Center, where the survey data were linked to BCSC data on mammographic examinations.
Patient and Mammographic Outcome Data
The information obtained in each mammographic examination included the BI-RADS screening assessment results, recommendations for additional evaluations, and breast cancer diagnosis and outcomes. In addition, information was obtained on factors known to be associated with interpretive performance, including the patient's age (18) , BI-RADS mammographic breast density (18) , indication for mammography (screening vs diagnostic examination) (15) , and time since last mammographic examination (24) .
Included in the analysis were BCSC screening mammograms obtained in women aged 40 years or older interpreted by a participating radiologist at a BCSC site between January 1, 1998, and December 31, 2005. A screening mammogram was defined as a bilateral mammogram designated as a screening mammogram obtained in women without a history of breast cancer or breast augmentation (25) . The mammogram had to be obtained at least 9 months after any other breast imaging examination to prevent misclassification of diagnostic examinations as screening examinations. Mammograms obtained in women with missing information about time since last mammographic examination was performed (n ϭ 48 426), breast density (n ϭ 26 431), or cancer outcome status (n ϭ 1) were excluded.
Our final study analysis included 1 036 155 screening mammograms obtained in 531 705 women. Radiologists self-reported their estimated number of annual mammograms that they interpreted in the radiologists' survey; however, the mammographic data reported here are the numbers of mammograms recorded in the BCSC database. Some radiologists had low numbers of mammograms recorded in the BCSC because they had practices outside of the consortium in addition to their practices at BCSC sites.
Definitions of Breast Cancer Cases and Interpretive Performance
Breast cancer cases included cases in patients with a diagnosis of either invasive carcinoma or ductal carcinoma in situ within 1 year of the screening mammographic examination and with a diagnosis date prior to the date of their next screening mammographic examination (26) . Each screening mammogram was classified in one of six BI-RADS assessment categories by the interpreting radiologist (27) . We defined mammograms that were classified in BI-RADS categories 1, 2, and 3 with no immediate follow-up recommended as mammograms with negative interpretations and mammograms that were classified in all other BI-RADS categories as mammograms with positive interpretations (28) .
Performance measures included recall rate, sensitivity, false-positive rate, positive predictive value of recall (PPV 1 ), and cancer detection rate. Recall rate was defined as the percentage of screening examinations with findings interpreted as positive. Sensitivity was defined as the percentage of screening examinations with findings interpreted as positive among all women who received a diagnosis of breast cancer within the 1-year follow-up period. False-positive rate was defined as the percentage of screening examinations with findings interpreted as positive among all patients who did not receive a diagnosis of breast cancer within the follow-up period. PPV 1 was defined as the probability of cancer, given a screening examination with abnormal findings suggestive of cancer. Cancer detection rate was defined as the number of true-positive mammograms for every 1000 screening mammograms.
Performance measures for the 205 radiologists in this study with screening mammographic data were compared with performance measures for the 951 radiologists with BCSC screening mammographic data at any time between January 1, 1998, to December 31, 2005: Recall rate was 9.1% and 9.6%, sensitivity was 82.5% and 82.0%, false-positive rate was 8.8 and 9.2%, and PPV 1 was 4.3% and 4.2%, respectively. Patients' characteristics (age, breast density, time since last mammographic examination), BI-RADS assessment distributions, and associated cancer detection rates noted in this study were similar to data overall from the BCSC.
Statistical Analysis
We examined frequency distributions of each of the following self-reported characteristics of the radiologists: sex, primary affiliation with an academic medical center, fellowship training in breast imaging, years of mammographic interpretation, percentage of time spent in breast imaging, hours working in breast imaging per week, average number of mammograms interpreted per year, and the percentage of images from all examinations interpreted that were screening mammograms (interpretive volumes were reported as averages per year over the past 5 years). We also looked at cross-tabulations between some of these characteristics to understand their associations with one another. Unadjusted medians and interquartile ranges for recall rate, sensitivity, false-positive rate, and PPV 1 were computed for each of the radiologists' characteristics. Sensitivity was plotted in comparison with false-positive rate to display the distribution and variability of these performance measures among radiologists, with the receiver operating characteristic curve overlaid. Recall rate was plotted in comparison with PPV 1 for each radiologist, with contour lines indicating the corresponding cancer detection rates.
Logistic regression models were fit to examine the association between each performance measure and each of the radiologists' characteristics, adjusting for the patients' characteristics (BCSC registry site, age at mammographic examination, breast density, and time since last mammographic examination) and other radiologists' characteristics. For recall rate, we modeled the probability of a positive mammogram and included a radiologist-specific random effect to account for correlation among mammograms interpreted by the same radiologist. For PPV 1 , we modeled the probability of cancer, given a positive mammogram, and included a single radiologist-specific random effect.
To assess overall accuracy (differential changes in sensitivity and falsepositive rate not caused by a threshold level effect), we jointly modeled sensitivity and false-positive rate and included separate radiologists' random effects for each performance measure. We defined the overall accuracy parameter as the coefficient corresponding to the interaction between cancer status and the radiologists' characteristic under study. The accuracy parameter is positive for a given characteristic if either sensitivity is increased more than the false-positive rate or if the false-positive rate is decreased more than the sensitivity for radiologists with that characteristic. A more detailed description of this approach for jointly modeling sensitivity and false-positive rate can be found in a previous article (29) . This joint model is equivalent to the model proposed by Rutter and Gatsonis (30) , with their scale parameter set to one. Separate logistic regression models (which included mammogram-level characteristics) were fit for each of the radiologists' characteristics prior to fitting the final multivariable models, which included all radiologists' characteristics. We first tested whether the group radiologists' characteristics significantly improved model fit before examining the significance of each characteristic individually (P Ͻ .05). We did not include the percentage of time spent in breast imaging in the multivariable models, as this variable might not be reflective of the amount of time spent working in breast imaging for radiologists working part time, and we included a similar variable in the model (hours working in breast imaging per week). Analyses were also performed, with restriction of the mammographic data to the period January 1, 2002, to December 31, 2005, a period close to that for the survey of the radiologists.
We estimated the effect of fellowship training on cancer detection and additional work-ups for a hypothetical population of 100 000 women, with the conditions noted in our study. Population estimates were calculated on the basis of the observed unadjusted false-positive rates and sensitivity values of fellowshiptrained and non-fellowship-trained radiologists. The background cancer incidence of 4.8 women with breast cancer per 1000 examinations was used for both fellowship-trained and non-fellowshiptrained radiologists.
Statistical analyses were performed by using software (SAS, version 9.1; SAS Institute, Cary, NC). A difference with P Ͻ .05 was considered significant. For the multiple regression analyses, a difference with P Ͻ .016 was considered significant if a Bonferroni multiplecomparisons adjustment was applied to adjust for fitting three regression models.
Results
The 205 radiologists in our study cohort interpreted a total of 1 036 155 screening mammograms in 531 705 women; 4961 women had breast cancer. The median number of screening mammographic examinations interpreted per radiologist was 3131 (range, 1-43 119), including a median of 13 (range, 0 -265) examinations with mammograms interpreted in women who received a diagnosis of breast cancer. Screening mammograms were obtained at 111 facilities in seven U.S. states. Table 1 presents radiologists' characteristics and the cross-tabulation of all characteristics with radiologists' sex, fellowship training in breast imaging, years of clinical experience interpreting mammograms, and percentage of time spent in breast imaging. Data on radiologists' age and years since graduation from radiology residency are not shown, as these were highly correlated with the number of years of mammographic interpretation (Pearson correlation coefficients were 0.75 and 0.81, respectively). Most radiologists were men (71%), had no affiliation with an academic medical center (82%), and reported no fellowship training in breast imaging (92%). Thirty-nine percent reported interpreting mammograms for 20 years or longer, and almost half spent 40% or more of their time in breast imaging. Fifty-six percent reported interpreting more than 2000 mammograms per year, whereas 19% interpreted more Note.-The number of radiologists with data that were missing for specific characteristics were as follows: two radiologists, primary affiliation with an academic medical center; one radiologist, years of mammographic interpretation; seven radiologists, percentage of time spent in breast imaging; 10 radiologists, hours working in breast imaging per week; 12 radiologists, self-reported average number of mammograms interpreted per year; and 12 radiologists, percentage of images from all examinations interpreted that were screening mammograms.
* Numbers in parentheses are percentages that are based on the numbers of radiologists who responded to the survey question. † Variable with significant association (P Ͻ .05). ‡ Unknowns were included in this category. § Average per year over past 5 years; ratio of five or more screening examinations to one diagnostic examination.
than 5000 mammograms per year (data not shown). For most of the radiologists, 83% or more of the images from mammographic examinations they interpreted were screening mammograms; 17% or less were diagnostic mammograms. Radiologists with fellowship training in breast imaging were significantly more likely to be women, to be affiliated with academic centers, to have fewer than 10 years of experience interpreting mammograms, to spend 80% or more of their time in breast imaging, and to spend more than 32 hours per week working in breast imaging than those without specialized training (P Ͻ .05). Radiologists with fellowship training also were more likely to report annual interpretive volume of more than 2000 mammograms and to report that less than 83% of images from all examinations they interpreted were screening mammograms.
Thirty percent of radiologists reported interpreting images from mammographic examinations at facilities outside the BCSC, although this percentage varied widely across the seven sites. For selfreported volume measures, 30% of radiologists stated that their volume estimates were a "guess," 42% stated that their estimates were made with confidence, and 24% provided actual volume information obtained from their own audit reports.
The percentage of radiologists who reported using computer-aided detection when they interpreted screening mammograms was 77.2% for non-fellowshiptrained and 75% for fellowship-trained radiologists. The non-fellowship-trained and fellowship-trained radiologists reported applying computer-aided detection to a similar mean percentage of screening examinations (84.6% and 85.4%, respectively).
Interpretive performance varied widely with the median and interquartile ranges for performance measures as follows: recall rate, 9.3% and 6.3%-13.2%; false-positive rate, 8.9% and 5.9%-12.8%; sensitivity, 83.8% and 74.5%-92.3%; and PPV 1 , 4.0% and 2.6%-5.9%, respectively. Figure 1 , which is based on data from 187 radiologists who interpreted one or more mammograms associated with a cancer diagnosis, shows that sensitivity ranged from 0% to 100%, whereas false-positive rates ranged from 1.7% to 24.7%. In Figure 1 , the median number of screening mammographic examinations associated with breast cancer per radiologist was 16 (range, 1-265). Among the 119 radiologists who interpreted 10 or more mammograms associated with breast cancer, the median sensitivity was 82.8% (range, 40%-100%; interquartile range, 76.5%-88.2%). We found wide variability in sensitivity even among radiologists with similar falsepositive rates. By assuming a constant accuracy among radiologists, and varying the threshold value for recall, the normalized partial area under the curve was 0.82, which corresponds to the average sensitivity over the range of observed false-positive rates.
As shown in Figure 1 , 18 radiologists had both sensitivity and false-positive rates that were in the highest quartile of interpretive performance in the United States, on the basis of BCSC benchmarks for screening performance (11) (sensitivity, Ն86.4%; false-positive rate, Յ7.5%). Six radiologists had both sensitivity and falsepositive rates in the lower 25th percentile (sensitivity, Յ75.7%; falsepositive rate, Ն14%).
Higher recall and false-positive rates were noted among female radiologists, those with fellowship training in breast imaging, and those with fewer than 10 years of mammographic interpretation (Table 2) . Female radiologists had higher Performance of 187 U.S. radiologists who interpreted images from screening mammographic examinations (with images from one or more examinations associated with a cancer diagnosis). Sensitivity and false-positive rate are shown for each radiologist. Specificity was calculated by subtracting false-positive rate from one. Size of circle represents number of screening mammograms interpreted by that radiologist that were associated with a cancer diagnosis, with larger circles representing more cancers. Small circle may represent a radiologist with screening mammograms associated with one or two cancers. Normalized partial area under the curve is 0.82. Two areas are in color to highlight radiologists with both sensitivity and false-positive rate in highest (Ն75th percentile in green) and lowest (Յ25th percentile in red) rating for interpretive performance on basis of national BCSC benchmarks for screening performance (11) . sensitivity than did male radiologists and radiologists with fellowship training had higher sensitivity than did those without fellowship training.
Radiologists' characteristics significantly improved model fit for all outcomes (Table 3) , with P Ͻ .001 for all three multiple regression models. Higher recall and false-positive rates were noted among female radiologists and radiologists with fellowship training, and lower recall and false-positive rates were noted among radiologists who had adjunct affiliations with an academic medical center and those with 10 -19 years of experience interpreting mammograms (Table 3) . Higher sensitivity was noted for fellowship-trained radiologists, and PPV 1 was lower among female radiologists. Fellowship training in breast imaging was the only characteristic of radiologists that was significantly associated with improved overall accuracy (odds ratio, 1.61; 95% confidence interval: 1.05, 2.45; P ϭ .028) after adjusting for radiologists' random effects, patients' characteristics, and all radiologists' characteristics of interest, including sex and experience. Although most of the fellowship-trained radiologists were women, after adjusting for fellowship training, female sex was not significantly associated with overall accuracy. The results presented in Table 3 were similar when analyses were restricted to BCSC data from 2002 to 2005, a period closer to that of the survey of radiologists. Figure 2 shows the variability in recall rates and PPV 1 and their relationship to cancer detection rates for 203 radiologists with recall rates less than 30%. In general, PPV 1 was inversely associated with recall rate, but there was wide variability in PPV 1 , recall rate, and cancer detection rate across radiologists. Very few radiologists had both a high recall rate and a high PPV 1 . Radiologists with fellowship training tended to have higher PPV 1 and cancer detection rates than did those without fellowship training. Table 4 shows the effect of the performance of fellowship-trained compared with non-fellowship-trained radiologists for a hypothetical screening population of 100 000 women. Fellowship-trained individuals had a sensitivity of 88% and a false-positive rate of 11%, but non-fellowship-trained radiologists had a sensitivity of 83% and a false-positive rate of 9% (Table 2 ). Al- Note.-Except as otherwise indicated, data are odds ratios, and numbers in parentheses are 95% confidence intervals. Adjustment was made for radiologists' random effects, all radiologists' characteristics listed in the table, and patients' characteristics (BCSC registry, age at mammography, breast density, and time since last mammographic examination). Overall P value for the model was less than .001 for recall rate, false-positive rate, sensitivity, PPV 1 , and overall accuracy parameter.
* Average per year over past 5 years. Ratio of five or more screening examinations to one diagnostic examination.
though fellowship-trained radiologists detected breast cancer in an estimated additional 24 women per 100 000 women screened compared with the number of women in whom breast cancer was detected by non-fellowship-trained radiologists, they also called back an additional 1990 women with false-positive mammographic examination findings.
Discussion
Our study, which included 205 U.S. radiologists and mammograms from more than 1 million mammographic examinations, revealed significant variability in interpretive performance. Wide variability in sensitivity was noted even among radiologists with similar falsepositive rates. In adjusted analyses, fellowship training in breast imaging was the only radiologists' characteristic that was significantly associated with greater sensitivity in cancer diagnosis and higher overall accuracy; however, radiologists with fellowship training also had significantly higher falsepositive rates compared with those of radiologists without specialized training. In addition, the recall and false-positive rates noted among the fellowship-trained radiologists were higher than the desirable goal of a 10% recall rate recommended for U.S. radiologists' performance (12, 13) . Although fellowship-trained radiologists detected more cancers than did non-fellowship-trained radiologists, they also called back an additional 83 women because of false-positive results of evaluations for every additional breast cancer detected. Can we do better? Although the content and duration of breast imaging fellowships in the United States are variable, the goal is always the same: to teach radiologists how to perform high-quality breast imaging. Fellowship training programs in breast imaging should emphasize decreasing radiologists' false-positive rates to within the recommended performance goals for U.S. radiologists while maintaining high sensitivity.
Most mammograms obtained in the United States are interpreted by general radiologists who have no fellowship training in breast imaging (31). The demand for radiologists to interpret findings from mammographic examinations is increasing as the U.S. population ages and greater numbers of women comply with screening guidelines (32, 33) . Fewer radiology residents apply for breast imaging fellowships than they do for fellowships in many other clinical areas of radiology (34) . Attention to the performance of general radiologists is thus important.
It is thought that training of general radiologists in the interpretation of mammograms has been improving over time. For example, the Mammography Quality Standards Act (35) requires physicians to be board certified in diagnostic radiology or receive 3 months of formal training in mammography to qualify for independent interpretation of mammograms. In addition, physicians are required to interpret at least 240 mammograms with direct supervision before they can qualify as independent interpreting physicians. Since passage of the Mammography Quality Standards Act, a curriculum and dedicated time in breast imaging have been added to radiology residency training programs (34, (36) (37) (38) (39) (40) . Despite these improvements, we did not find any significant increase in overall accuracy among radiologists who had fewer years of clinical experience and, thus, were more likely to be recent graduates of a residency program. The Mammography Quality Standards Act (35) requires radiologists to interpret a minimum of 960 mammograms every 2 years; other countries set much higher requirements, such as a minimum of 5000 per year (5). We found no association between self-reported annual volume of mammograms interpreted and interpretive performance. Researchers in two previous studies (5,6) in a smaller BCSC population of radiologists also found no association between greater interpretive volume and overall accuracy. Our study goes beyond the previous BCSC studies in that we included data from BCSC mammographic examinations that were performed more recently (up to December 31, 2005), whereas researchers in previous studies included data from screening mammographic examinations only through 2001. In addition, our study period was longer (8 years vs 4 years for Smith-Bindman et al [5] and 6 years for Barlow et al [6] ). The longer study period increases the number of breast cancers detected per radiologist, yielding more reliable estimates of an individual radiologist's sensitivity.
One strength of this study was the inclusion of a diverse group of community-based radiologists who interpreted mammograms in women living in geographically disparate regions of the United States. Our findings are, thus, more generalizable than results of a survey of only academic physicians or specialists in breast imaging. In a smaller study, Sickles et al (7) compared interpretive performance reported on radiologists at the two ends of the spectrum of experience and expertise (n ϭ 10) (41,42), whereas our study involved a far larger sample of 205 radiologists and a wider spectrum of experience and training among the study radiologists. Of note, the survey response rate of 71% was higher than that in most studies of physicians, who have a mean response rate of only 54% (43) . Although it is possible that survey respondents were not representative of all community radiologists, the interpretive performance of respondents was similar to that of BCSC radiologists as a whole.
One limitation of our study was that, despite the added years of data, low numbers of examinations in women with cancer remained for some interpreting radiologists; this result added to the variability we found in sensitivity. However, the statistical modeling approach we used accounted for the numbers of mammograms interpreted by each radiologist and pooled information across radiologists to make more stable inferences about which characteristics were associated with performance. Other limitations of our study included the small number of fellowship-trained radiologists (n ϭ 16) and the lack of data on the use of digital mammography. Although we used a 1-year standard definition of follow-up for breast cancer diagnosis, as recommended by the American College of Radiology (12) , in some studies longer follow-up periods were used, and this discrepancy made comparisons difficult. Finally, 30% of the study radiologists interpreted mammograms at institutions outside of the BCSC; thus, their self-reported data on annual volume could not be verified. Last, many of the radiologists worked part time, and this factor made interpretation of the percentage of time spent in breast imaging challenging.
Because mammography is the only proven method to screen women for breast cancer, we must continue our efforts to maintain high quality and achieve high performance. Despite variability in interpretive performance, we found that radiologists with fellowship training in breast imaging had significantly higher sensitivity and higher overall accuracy in screening mammograms than did non-fellowship-trained radiologists. However, these fellowshiptrained radiologists also had higher recall and false-positive rates. A new era of continuing medical education should target radiologists on the basis of their specific training and clinical practice and, ideally, link the educational programs to the individual radiologist's performance (44, 45) .
